Quantitative structure-retention relationships (QSRR) have been used to study the chromatographic behavior of some aldopentose. The behavior of aldopentose derivatives was investigated by means of reversed-phase thin-layer chromatography (RP TLC) on silica gel impregnated with paraffin oil stationary phases. Binary mixtures of methanol-water, acetone-water and dioxane-water were used as mobile phases. Retention factors, R M 0 , corresponding to zero percent organic modifier in the aqueous mobile phase was determined. Lipophilicity, C 0 , was calculated as the ratio of the intercept and slope values. There was satisfactory correlation between them and log P values calculated using different theoretical procedures. Some of these correlations offer very good predicting models, which are important for a better understanding of the relationships between chemical structure and retention. The study showed that the hydrophobic parameters R M 0 and C 0 can be used as a measures of lipophilicity of investigated compounds.
The majority of biologically active compounds are chiral molecules. Monosaccharides are frequently used as starting materials in the synthesis of simpler or more complex biomolecules [1] , owing to their availability and to their stereochemical, conformational and functional properties. Monosaccharide molecules contain a high density of functional groups; this enables various transformations from acyclic and/or cyclic forms. Because of their variety of functional groups these derivatives are also of chromatographic interest [2, 3] . It is well known that the chromatographic mechanism is basically dependent on the solute size and its hydrogen bonding capability. The solute size depends on the molecular structure of the parent molecule and of the substituents existing in the molecule.
Selected derivatives of aldopentoses have conveniently been used as starting compounds and key intermediates in the synthesis of several biologically active compounds.
Lipophilicity of an investigated compound is one of the parameters, which influences its biological activity. It is a term mainly employed by medicinal chemists to describe the transport process of compounds in biological systems and is the most frequently used parameter in QSAR analysis. It is predominant descriptor of pharmacodynamic, pharmacokinetic and toxic aspects of drug activity. The lipophilic character of compounds has been defined in many ways. The hydrophobicity parameter introduced by Fujita et al. [4] has been widely accepted and defined as the logarithm of the ratio of the concentrations of an analyte in a saturated two-phase system formed by 1-octanol/water (log P). A number of methods for the calculation of log P have been developed [5] [6] [7] , but experimental determination still remains the most reliable. Experimental measurement of log P values by the conventional "shake flask" method is often faced with problems; besides being time consuming, the method is not applicable to very hydrophilic or very hydrophobic compounds.
Chromatographic techniques have frequently been applied in the determination of relative partition coefficients for use in quantitative relationships between chemical structure and biological activity (QSAR) [8--10] . Reverse phase thin layer chromatography and high performance liquid chromatography are used to evaluate the lipophilicity of a series of organic compounds. Chromatography is a unique method which can yield a great amount of quantitatively comparable, precise, and reproducible retention data for large sets of structurally diversified compounds. Therefore, quantitative structure-(chromatographic) retention relationships (QSRR) have been considered a model approach to establish strategy and methods of property predictions [11, 12] . QSRR analysis appears especially attractive from the general chemometric point of view because provide the best testing of the applicability of individual structural parameters for property description. Currently, QSRR studies can be applied to: identify the most useful structural descriptors; predict retention for a new analyte and to identify unknown analytes; gain insight into molecular mechanism of separation operating in a given chromatographic system; quantitatively compare separation properties of individual types of chromatographic layers; evaluate properties, other than chromatographic physicochemical properties of analytes, such as lipophilicity [13, 14] .
The aim of this methodology is to derive a model to describe the chromatographic retention on a given chromatographic system, which then can be used for future retention prediction of new solutes. Thus, when a meaningful and statistical significant model is found, no additional experiments are needed to predict the retention for new solutes.
RP-TLC provides a variety of indices (descriptors) that can be used as lipophilicity estimators. The most popular lipophilicity indices estimated by RP-TLC are derived by the R F according to the following formula [15] :
where R F is the retention factor calculated on the basis of migration distance of compound/migration distance of solvent front. Because R M generally depends linearly on the concentration of the organic modifier in the mobile phase, the value has been frequently extrapolated to zero concentration of organic modifier (R M 0 ):
where φ is the volume fraction of organic solvent in the mobile phase, R M 0 (intercept) is the extrapolated value obtained at φ = 0% modifier, and S is the slope of the linear plot. The R M 0 value is a widely used chromatographic hydrophobicity parameter. Equations (1) and (2) are the best for deriving data for the QSRR studies.
Based on the obtained intercept and slope values of Eq. (2), another hydrophobic parameter, C 0 , can be calculated:
This hydrophobicity parameter corresponds to the parameter φ 0 , previously defined for the HPLC method as the concentration of the organic component in the mobile phase for which the distribution of the analyzed substance between the mobile and stationary phase is equal (1:1) [16] [17] [18] .
Hence, we have studied the relationship between log P and chromatographic parameters in order to examine whether RP-TLC can be utilized for log P determination of aldopentose derivatives under such circumstances.
The aim was to develop a statistical model in order to predict lipophilicity for a new solute in a satisfactory way. This would help in better understanding the separation mechanisms through the QSRR studies.
EXPERIMENTAL
Twelve derivatives of aldopentose (Table 1) were investigated. The compounds were synthesized in the laboratory of the Department of Organic Chemistry, Faculty of Sciences, University of Novi Sad [19] .
The compounds were dissolved in chloroform (2 mg cm -3 ) and 1 μl volumes of the solutions were spotted on the plates. TLC was performed on 20×20 cm glass plates precoated with impregnated silica gel. The thinlayer of impregnated silica gel was prepared by suspending 25 g silica gel 60 GF 254 (Merck) in 100 ml diethyl ether containing 2.5 % paraffin oil. To ease the visualization, fluorescent indicator F 254 (Merck) was incorporated into the layers. Impregnated silica gel layer was developed using the following mobile phases: acetone-water (φ = 0.5-0.7 v/v), dioxane-water (φ = 0.5--0.7 v/v) and methanol-water (φ = 0.5-0.7 v/v) (5% increments) to investigate the retention parameter of the various derivatives of aldopentose. The plates were developed to a distance of 15 cm by the ascending technique at room temperature with prior saturation of the chamber for 20 min with mobile phase. Dark spots were observed under UV light (λ = = 254 nm).
Ten values of log P for each solute: Alog P s , AClog P, Alog P, Mlog P, log P Kow , Xlog P 2 , Xlog P 3 , log P Chem and Clog P and ACDlog P were calculated using a commercially available computer program [20] [21] [22] [23] and are presented in Table 2 .
RESULTS AND DISCUSSION

Determination of R M 0 values and TLC equations
Separation process in chromatography could be explained by a complex combination of the various interaction between the solute-mobile phase and solute--stationary phase. Although no satisfactory explanation exists, quite simple intermolecular interactions make the understanding of the retention mechanism possible.
A linear relationship has been obtained between retention and concentration of organic modifier in the eluent for reversed phase chromatography, characterized by high correlation coefficients, r (Eq. (2), Table  3 ). An increase in the concentration of the organic modifier led to a decrease in R M values, i.e., the greater migration of the compounds. Constants S and R M 0 could not be determined for compounds with very low (5 and 9, in eluents with methanol) or very high (7, in eluents with doxane) R F values.
The statistics obtained ( The extrapolated R M 0 values from TLC systems with different organic modifiers were correlated. The equations of these linear relationships and statistical data (correlation coefficient, r and standard deviation, SD) are listed in Table 4 . These differences are most probably a consequence of the different chemical natures of the three organic modifiers and indicates that the values basicaly reflect the same molecular properties of the solute in the mobile phases used, but that these properties contribute differently to retention. 2)). The regression data for relationships expressed by Eq. (2), with the corresponding correlation coefficients, are listed in the Table 5 . High correlation coefficients indicate that the substances investigated could be regarded as a homologous series [24] . 
Results of log P calculations
The main purpose of this study was to use chromatographic data (R M 0 ) as descriptor of the lipophilic character of aldopentose derivatives studied. The correlation between R M 0 values and different calculated values of log P was examined.
Ideally, regardless of a method used for calculation, all values of the calculated log P should be the same and correlation between them full (r = 1). A correlations check for the lipophilicity descriptors, log P, was performed and the correlation matrix for variables is shown in Table 6 . The method used was row-wise deletion.
The lipophilicity parameters obtained from the reversed-phase experiments, R M 0 , were compared with the calculated log P values.The correlation coefficients between R M 0 obtained with different modifiers and log P are given in Table 7 .
By comparing the calculated values for defining the lipophilicity of the investigated molecules it is evident that methanol as a modifier gives the highest degree of correlation (calculated mean value of correlation coefficient is 0.931).
Since the correlation between R M 0 and log P gives different correlations, an additional retention related parameter, C 0 , was used. The relationship between C 0 and log P may be expressed by polynomial function. The correlation coefficients between C 0 obtained with different modifiers and logP are given in Table 8 .
QSRR Analysis of the investigated newly synthesized aldopentose derivatives
In defining a QSRR model which would best explain the correlation between the retention behavior of in- vestigated aldopentose derivatives and their structure, it was necessary to start from the simplest linear relationships. The reliability of the obtained mathematical models was estimated on the basis of the values of statistical parameters: correlation coefficient (r) and standard deviation (SD). By comparing the calculated values for defining the lipophilicity of the investigated molecules it is evident that only Alog P s and Xlog P 3 theoretical methods, gives the acceptable value correlation coefficient.
The equations expressing the relationships between lipophilicity R M 0 -Alog P s and between C 0 -Alog P s and Xlog P 3 , with corresponding statistical parameters, are listed in Table 9 .
These results lead to four conclusions. Good linear correlation was found between chromatographically determined, R M 0 , and computer calculated Alog P s lipophilicity. The lowest values were obtained for the dioxane-water as mobile phase. Good polynominal correlation was found between C 0 and computer calculated Alog P s (for acetone and methanol as modifiers of mobile phase) and Xlog P 3 for dioxane as modifier. Results show that another retention-related measure of lipophilicity, C 0 , beside R M 0 , can be used as a measure of the lipophilicity of compounds investigated.
In order to check the validity of the shown mathematical models, the calculations of the retention parameter values R M 0 and C 0 were performed, using these equations, and their comparison with experimentally obtained data was made (Table 3) .
To illustrate the prediction capabillities of the QSRR specified by Eqs. (4) and (6) the respective experimental R M 0 data, and Eqs. (7)- (9) the respective experimental C 0 values were plotted against the calculated ones in Figures 1 and 2 , respectively. The statistics obtained (Table 10) illustrate that linear equations fits satisfactorily to the experimental data.
As the slope is not different from unity, the method does not show proportional error. In addition, the value of an intercept which almost equals zero indicates the absence of systematic error and method bias.
This leads us to the conclusion that the chosen mathematical models can predict the retentive behaviour of the investigated group of newly synthesized aldopentose derivatives in a reversed-phase chromatography.
Good knowledge of quantitative correlations between a chemical structure and retention constant of newly synthesized aldopentose derivatives enables more quality conditions for their further investigation and contributes to better understanding of their structural, biological and physicochemical properties.
CONCLUSION
Twelve aldopentose derivatives were investigated by reversed-phase thin-layer chromatography on paraffin oil-impregnated silica gel plates, with acetone-water, dioxane-water and methanol-water as mobile phases. A linear relationship between R M 0 and S values was found for all mobile phases; this is a characteristic of closely related compounds. Very good correlation is found between R M 0 of different organic modifiers. Correlations of different quality were obtaines between R M 0 values and log P values calculated using different theoretical procedures. Very good linear correlations observed between R M 0 values calculated by the numerical method and Alog P s parameters, confirm that these chromatographic indices are good descriptors of hydrophobicity of test aldopentose derivatives. On the basis of this correlations, methanol-water was the best RP TLC system for determination of log P. Next to R M 0 we show that another retention related parameter C 0 can be used as alternative descriptor. The correlation between C 0 and Alog P s (for acetone and methanol as modifiers of mobile phase) and C 0 and Xlog P 3 (for dioxane as modifier of mobile phase) was a polynomial function, in contrast to the linear correlation between R M 0 and AlogP s . These results show that for the aldopentose derivatives investigated C 0 is a better mean of expressing lipophilicitty than the retention constant R M 0 . 
